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Translation (H07-155194) 

[Claims] 

[Claim 1] A process for purifying a protein, which comprises subjecting a 
desired protein-containing liquid composed of a cell culture solution or a tissue 
5 extract solution substantially not containing cells or tissues to the following 
steps (a), (b), and (c) in this order: 

(a) a step of feeding the desired protein-containing liquid to a cation exchange 
column equilibrated with a buffer solution having been adjusted to a pH lower 
than the isoelectric point of the desired protein to thereby adsorb the desired 

10 protein in the liquid onto the column and, after washing the column to remove 
non-adsorbed materials, eluting the desired protein adsorbed on the column by 
using a buffer solution of from 0.05 to 0,5 mol/L in cation concentration; 

(b) feeding the desired protein-containing eluate obtained in the preceding step 
to an affinity chromatography column to thereby adsorb the desired protein in 

15 the eluate, washing the column to remove non-adsorbed materials, and eluting 
the desired protein adsorbed on the column by using an inorganic salt aqueous 
solution of 7 or less in pH and at least 0.2 mol/L in cation concentration; and 

(c) a step of feeding the desired protein-containing eluate obtained in the 
preceding step to an anion exchange column equilibrated with a buffer solution 

2 0 having been adjusted to a pH lower than the isoelectric point of the desired 
protein to thereby recover the desired protein in the eluate as a flowthrough 
fraction. 

[Claim 2] The process for purifying a protein as claimed in claim 1, 
wherein the desired protein-containing liquid to be fed to the step (a) is a liquid 
25 obtained by filtering a cell culture solution or a tissue extract solution through a 



X 



clarifying filter membrane and then concentrating the filtrate by ultra-filtration 
treatment. 

[Claim 3] The process for purifying a protein as claimed in claim 1 or 2, 
wherein the protein-containing eluate to be fed to step (c) is a liquid obtained by 
5 diluting the protein-containing eluate obtained from the step (b) with a buffer 
solution having a pH of 7 or more to thereby increase pH of the eluate, and then 
subjecting it to gel filtration treatment to thereby decrease the inorganic ion 
concentration. 

[Claim 4] The process for purifying a protein as claimed in any of claims 1 
10 to 3, wherein the protein-containing liquid obtained in the step (c) is fed to a gel 
filtration column equilibrated with a saline water, and then eluted with saline 
solution. 

[Detailed Description of the Invention] 
[0001] 

15 [Field of Industrial Application] 

The present invention relates to a process for purifying a protein. 
More particularly, it relates to a process for purifying a protein having particular 
physicochemical properties. 

[0002] 
20 [Prior Art] 

With the progress of biotechnology, there have vigorously been 
conducted isolation of various proteins from biomaterials and production of 
various proteins by cell culture technology, and various techniques for purifying 
the desired proteins have also been known. 
25 [0003] 

•-« 



For example, there is known a process for purifying a divalent 
cation -binding protein (JP-A-2-200180). In this purifying process, a strong 
anion exchange body is used like an affinity support by increasing or 
decreasing the concentration of a divalent cation such as calcium ion, and the 
5 purity of a protein is increased to 98% or more by two-stage ion-exchange 
chromatography and one-stage hydrophobic chromatography, i.e., totally 
three-stage chromatography. However, the protein to be purified is limited to 
divalent cation-binding proteins such as (activated) human protein C. 
[0004] 

io With a monoclonal antibody which is also a huge protein, molecule, 

there has been an example of purifying anti-PCI monoclonal antibody from 
mouse hydroperitonia (JP-A-63-1 23395). In this case, hydroperitonia 
collected from abdominal cavity of mouse is purified by one-stage 
chromatography using a protein A column which is an affinity support. 

15 However, since the purification step is mere one-stage chromatography, the 
resulting monoclonal antibody has such a low purity that it has been difficult to 
administrate it to human being as a medicine though it may be used for 
experimental animals. 
[0005] 

20 On the other hand, the term proteins include various ones having 

differing physicochemical properties such as molecular weight, ionic behavior, 
and solubility for various solvents. In general, proteins undergo change in 
electrical properties depending upon pH of the aqueous solution thereof. 
Proteins are positively charged in an acidic region, and are negatively charged 

25 in an alkaline region. The pH where the net charge is zero is called the 



isoelectric point, and each protein has an intrinsic isoelectric point. For 
example, egg albumin has an isoelectric point of pH 4.7, and bovine 
ribonuclease has an isoelectric point of pH 8.9. 
[0006] 

5 The inventors applied the above-mentioned various purifying processes 

to several proteins each having an isoelectric point between pH 8 and pH 10, 
but satisfactory purification degree was not attained. In particular, the 
standard as a medicine that the contamination amount of DNA in a protein 
preparation for injection should be 100 pg/dose was unable to be satisfied. 
10 Also, it was impossible to remove antigenicity due to contaminated proteins 
other than the desired protein. 
. [0007] 

[Problems that the Invention is to Solve] 

Thus, various investigations have been made with respect to the 
15 process for removing the impurities and purifying a protein having the 
above-described properties and, as a result, the invention having been 
achieved. 
[0008] 

[Means for Solving the Problems] 
20 The present invention is a process for purifying a protein, which 

comprises subjecting a desired protein-containing liquid comprising a cell 

culture solution or a tissue extract solution substantially not containing cells or 

tissues to the following steps (a), (b), and (c) in this order: 

(a) a step of feeding the desired protein-containing liquid to a cation exchange 
25 column equilibrated with a buffer solution having been adjusted to a pH lower 
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than the isoelectric point of the desired protein to thereby adsorb the desired 
protein in the liquid onto the column and, after washing the column to remove 
non-adsorbed materials, eluting the desired protein adsorbed on the column by 
using a buffer solution of from 0.05 to 0.5 mol/L in cation concentration; 
5 (b) feeding the desired protein-containing eluate obtained in the preceding step 
to an affinity chromatography column to thereby adsorb the desired protein in 
the eluate, washing the column to remove non-adsorbed materials, and eluting 
the desired protein adsorbed on the column by using an inorganic salt aqueous 
solution of 7 or less in pH and at least 0.2 mol/L in cation concentration; and 
10 (c) a step of feeding the desired protein-containing eluate obtained in the 
preceding step to an anion exchange column equilibrated with a buffer solution 
having been adjusted to a pH lower than the isoelectric point of the desired 
protein to thereby recover the desired protein in the eluate as a flowthrough 
fraction. 

15 The invention is fundamentally a purifying process which comprises 

including the above-mentioned steps (a), (b), and (c) in this order. However, a 
known filtration step, a known concentrating step and a known buffer 
solution-exchanging step for well-matching the properties between the steps 
may be provided before or after each fundamental step. 

20 [0009] 

Proteins to be subjected to the purifying process of the invention are not 
particularly limited, but proteins with which the characteristic properties of the 
invention are most exhibited are those proteins which have an isoelectric point 
between pH 8 and pH 10, particularly, monoclonal antibodies. 
25 [0010] 



For example, purification of a monoclonal antibody on a laboratory 
scale can easily be conducted by affinity chromatography using an antigen 
which the monoclonal antibody specifically recognizes. However, this 
purification is inappropriate for purifying a monoclonal antibody inexpensively 
5 on an industrial scale. Also, purification with protein A column alone as in the 
example (JP-A-63-1 23395) of purifying anti-PCI monoclonal antibody has failed 
to attain a satisfactory purification degree as a medicine. 
(0011] 

Use of the invention permits construction of a comparatively 
10 inexpensive purifying process but, in order to apply the invention, it is 
necessary to know the isoelectric point of a desired protein. The isoelectric 
point of a desired protein can previously be measured by using a sample 
purified on a laboratory scale. 
[0012] 

15 The isoelectric point can be measured according to isoelectric focusing 

method. The principle of the isoelectric focusing method is shown in several 
technical books (for example, Shin Seikagaku-Jikken Koza 1, Tanpakushitu; 
compiled by Nihon Seikagaku-kai; published by Tokyo Kagaku Dojin; issued on 
Feb. 26 th , 1990; p.335), and measuring devices are available from, for example, 

20 Pharmacia Co. 
[0013] 

The steps (a), (b), and (c) of the invention will be described in more 
detail below. 
Step (a) 

25 This step is a step wherein a desired protein is adsorbed on a cation 



exchange column to remove mainly contaminants such as contaminated 
proteins having an isoelectric point lower than that of the desired protein, lipids, 
and hydrocarbons. 
[0014] 

5 As the cation exchange body, a strong cation exchange body having 

sulfopropyl group is recommended. Examples thereof include agarose series 
strong cation exchange bodies such as S-Sepharose FF or S-Sepharose HP 
manufactured by Pharmacia Co, and S-Sepharose FF manufactured by Sigma 
Co. Of these, S-Sepharose FF manufactured by Pharmacia Co. is particularly 
10 recommended. 
[001 5] 

In this step, first, a column is equilibrated with a 0.001 to 0.05 mol/L 
buffer solution having a pH adjusted to a level lower than the isoelectric point of 
a desired protein, preferably by 1 to 3. As the buffer solution, there are 

15 illustrated, for example, a phosphate buffer solution and a Tris buffer solution. 
The amount of the buffer solution necessary for equilibration varies depending 
upon the column volume but, with a column of, for example, 10 cm<(> in diameter 
and 1 L in volume, the column can be equilibrated by eluting about 2 L of the 
buffer solution. 

20 [0016] 

In feeding a desired protein-containing liquid such as a culture solution 
or a tissue extract solution to the equilibrated column, it is of course possible to 
feed them as such. In many cases, however, it is preferred to subject, for 
example, the culture solution to filtration treatment using an appropriate 
25 clarifying filter membrane to obtain a culture supernatant, and concentrate the 
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supernatant about 10 to 100 times by ultra-filtration treatment for use. In the 
filtration treatment, a clarifying filter membrane having a fine pore size of from 
0.2 to 100 iim, preferably from 0.2 to 5 jim, (for example, Pellikon cassette 
HVLP000C5 manufactured by Millipore Co. or FILTRON SIGMA-SERIES, 0.3 
jim, manufactured by Fuji Fitter Co.) can be employed. In the ultra-filtration 
treatment, a tangential flow type membrane having a fine pore size smaller than 
the molecular weight of the desired protein (for example, Pellikon cassette 
PTTK00005 manufactured by Millipore Co. or FILTRON SIGMA-SERIES 1K - 
1M, manufactured by Fuji Filter Co.) can be employed. 
[0017] 

In order to maintain the yield of this step at a high level, it suffices to 
reduce the inorganic ion concentration of a culture solution or a tissue extract 
solution to be loaded on the column to a level equal to, or lower than, half the 
concentration of saline water. That is, the adsorption degree of the desired 
protein to the ion exchange support can be enhanced by reducing the inorganic 
ion concentration by the operation of dialysis or dilution with water. 
[0018] 

After loading the culture solution or tissue extract solution on the 
column, the inside of the column is washed with a buffer solution having a pH 
slightly lower than the isoelectric point of the desired protein, preferably by 0.1 
to 1.5. As such buffer solution, there are illustrated a 0.001 to 0.05 mol/L 
phosphate buffer solution and a Tris buffer solution. The purpose of adjusting 
the pH of the washing solution to a level slightly lower than the isoelectric point 
of the desired protein is to remove contaminated proteins each having an 
isoelectric point lower than that of the desired protein as much as possible. 
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The amount of the buffer solution necessary for the washing varies depending 
upon the volume of column but, with a column of, for example, 10 cm<|> in 
diameter and 1 L in volume, the column can be sufficiently washed by eluting 
about 2.5 L of the buffer solution. 
5 [0019] 

Subsequently, the adsorbate is eluted by using a 0.001 to 0.05 mol/L 
buffer solution having a pH adjusted to a level lower than the isoelectric point of 
the desired protein, preferably by 0.5 to 1.5, and having an inorganic ion 
concentration increased with a neutral inorganic salt (e.g., NaCI or KCI). The 

10 inorganic ion concentration is from 0.05 to 0.5 mol/L, preferably 0.20 mol/L. 
As the buffer solution, there are illustrated a phosphate buffer solution and a 
Tris buffer solution as is the same with equilibration and washing. The state of 
deadsorption of the desired protein can be monitored through absorbance at 
280 nm. 

15 [0020] 

The situation of the desired protein being eluted from the outlet of the 
column varies depending upon volume of the column and the adsorbing 
properties of the desired protein onto the support. In the case of purifying a 
monoclonal antibody using, for example, a column of, for example, 10 cm<|> in 
20 diameter and 1 L in volume, about 1 L of a monoclonal antibody aqueous 
solution is obtained after about 1 L of the elution waste liquid effuses. 
Step (b) 

This step is a step wherein the desired protein is adsorbed on an affinity 
chromatography column to remove mainly contaminants such as contaminated 
25 proteins not having been removed in the preceding step (a), lipids, and 



hydrocarbons. Combination of the step (a) and the step (b) serves to remove 
contaminated proteins other than the desired protein to a level acceptable for 
the use as a protein preparation for injection. 
[0021] 

5 As the affinity support, a material bonded specifically to the desired 

protein is used. With a monoclonal antibody, a specifically adsorbing carrier of 
Protein-A affinity chromato-gel (for example, IPA-400 or IPA-300 manufactured 
by Repligen Co.) is used. A gel less leaking Protein-A and having been 
popularly used with satisfactory results (for example, Sepharose 4-FF 
10 manufactured by Pharmacia Co. or PROSEP-A manufactured by 
BtOPROCESSING Co.) should be used. 
[0022] 

In this step, first, the column is equilibrated. As a buffer solution, there 
are illustrated a phosphate buffer solution and a Tris buffer solution. They 
15 may contain inorganic salts (e.g., NaCI and KCI). It is convenient to use the 
same buffer solution as is used for eluting in the step (a). The amount of the 
buffer solution necessary for equilibration varies depending upon the volume of 
column but, with a column of, for example, 10 cmfy in diameter and 1 L in 

volume, the column can be equilibrated by effusing about 2 L of the buffer 
20 solution. 
[0023] 

Upon loading onto the column, the eluate from the step (a) can be used 
as such. 
[0024] 

25 Subsequently, the inside of the column is washed with a buffer solution 
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similar to that used in the equilibration. The amount of the buffer solution 
necessary for the washing varies depending upon the volume of column but, 
with a column of, for example, 10 cmty in diameter and 1 L in volume, the 
column can be sufficiently washed by effusing about 3 L of the buffer solution. 
5 [0025] 

Then, the protein adsorbed on the column is eluted by using an 
aqueous solution having a pH of 7 or less, preferably about 3.5 and having an 
inorganic ion concentration of 0.5 mol/L or more. As this aqueous solution, an 
aqueous solution prepared by adding 0.5 mol/L or more inorganic salt to a 0.05 
10 to 0.5 mol/L weak acid solution is used. Preferably, an aqueous solution 
prepared by adding 0.5 mol/L NaCI to a 0.1 mol/L acetic acid solution. The 
state of deadsorption of the desired protein can be monitored through 
absorbance at 280 nm. 
[0026] 

15 The situation of the desired protein being eluted from the outlet of the 

column varies depending upon volume of the column and the adsorbing 
properties of the desired protein onto the support. In the case of purifying a 
monoclonal antibody using, for example, a column of, for example, 10 cm<j> in 
diameter and 1 L in volume, about 1 L of a monoclonal antibody aqueous 

20 solution is obtained after about 1 L of the elution waste liquid effuses. 
[0027] 

The pH of the thus-obtained aqueous solution remains at a low level 
due to the aqueous solution used for elution. In the case where the desired 
protein is stable under acidic conditions, the aqueous solution may be allowed 
25 to stand but, in the case where the desired protein might be decomposed or 



denatured, the pH may be preferably immediately increased to about neutrality. 
As a method for increasing the pH, there is a method of diluting 1 .5 to 5 times 
with a 0.5 to 1 .0 mol/L phosphate buffer solution or Tris buffer solution having 
been adjusted to pH 7 or more. 
Step (c) 

In this step, the eluate obtained in the preceding step is fed to an anion 
exchange column to recover the desired protein contained in the eluate as a 
flowthrough fraction. In this step, it is mainly intended to remove a trace 
amount of affinity substance having contaminated in the step (b), a composite 
between the desired protein and the affinity substance, DNAs derived from cells 
or tissues, and pyrogens (mainly lipopolysaccharides). In supplying a 
physiologically active protein for a medicinal use, it is necessary to highly 
remove the contaminants to a level less than the standard level. These 
contaminants can be removed by employing appropriate conditions in the anion 
exchange chromatography. 
[0028] 

As the anion exchange body, a weak anion exchange body having 
diaminoethyl group (DEAE) is recommended. Examples thereof include 
cellulose series anion exchange body of DEAE-Sephacel and agarose series 
anion exchange body of DEAE-Sepharose FF, manufactured by Pharmacia 
Co., and cellulose series anion exchange body of DEAE-Sepharose FF and 
DEAE-Sepharose CL-68, manufactured by Sigma Co., with DEAE-Sephacel 
manufactured by Pharmacia Co. being particularly recommended. 
[0029] 

In this step, first, a column is equilibrated with a 0.001 to 0.10 mol/L 
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buffer solution having a pH adjusted to a level lower than the isoelectric point of 
the desired protein, preferably by 0.1 to 1 ,0. As the buffer solution, there are 
illustrated, for example, a phosphate buffer solution and a Tris buffer solution. 
The amount of the buffer solution necessary for equilibration varies depending 
5 upon the column volume but, with a column of, for example, 10 cm<|> in diameter 
and 1 L in volume, the column can be equilibrated by eluting about 2 L of the 
buffer solution. 
[00301 

In feeding a desired protein-containing aqueous solution equilibrated 

10 and obtained by the preceding step, it is of course possible to feed them as 
such. In many cases, however, it is preferred to reduce the inorganic ion 
concentration of the aqueous solution in order to sufficiently remove impurities 
by the anion exchange chromatography. Both reduction of the inorganic ion 
concentration and reduction of the amount of contaminating impurities can be 

1 5 achieved by exchanging the buffer solution using a gel filtration support. In the 
buffer solution-exchanging treatment, it suffices to use a gel filtration support 
having a molecular weight cut off (MWCO) of 10,000 or less (preferably 5,000 
or less) (e.g., Sephadex G-25 or -15 manufactured by Pharmacia Co.). The 
inorganic ion concentration can be reduced by feeding the desired 

20 protein-containing solution obtained in the preceding step to a gel filtration 
column having been equilibrated with a 0.001 to 0.10 mol/L buffer solution 
having a pH adjusted to a level lower than the isoelectric point of the desired 
protein, preferably by 0.1 to 1.0 (for example, a phosphate buffer solution or a 
Tris buffer solution), and then eluting with the similar buffer solution. Also, 

25 upon conducting this gel filtration treatment, the desired protein-containing 



aqueous solution can be concentrated by, for example, ultra-filtration treatment 
in order to shorten the time required for sample loading. In the ultra-filtration 
treatment, use of a tangential-flow type membrane having a fine pore size 
smaller than the molecular weight of the desired protein (e.g., Pellikon cassette 
5 PTTK00005 manufactured by Millipore Co. or FILTRON SIGMA-SERIES 1K - 
1M manufactured by Fuji Filter Co.) is convenient. 
[0031 ] 

After loading the desired protein-containing aqueous solution obtained 
in the preceding step on the anion exchange column, the desired protein is 

10 eluted with the same buffer solution as is used for the equilibration. The state 
of elution of the desired protein can be monitored through absorbance at 280 
nm. The situation of the desired protein being eluted from the outlet of the 
column varies depending upon volume of the column. In the case of using a 
column of, for example, 10 cm<(> in diameter and 1 L in volume, about 1 L of a 

15 desired protein-containing aqueous solution is obtained after about 0.5 L of the 
elution waste liquid effuses. In order to re-use the anion exchange body for 
the same purpose, it is necessary to remove adsorbed impurities. For this 
purpose, it suffices to effuse a 0.1 to 0.5 mol/L buffer solution having a pH of 
less than 7 to which 0.5 mol/L or more inorganic salts have been added, 

20 preferably a 0.17 mol/L acetate buffer solution to which 0.5 mol/L of NaCI has 
been added, in an amount equal to, or more than, two times as much as the 
column volume. 
[0032] 

On the other hand, in the case of forming a medicinal preparation, 
25 particularly a freeze-dried preparation, from the protein, it is preferred in many 
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cases to prepare a protein-containing saline solution. In order to replace the 
buffer solution, in which the protein is dissolved, by saline solution, gel filtration 
procedure can be employed. For this procedure, use of a gel filtration support 
having a molecular weight cut off (MWCO) of 10,000 or less, preferably 5,000 
5 or less (for example, Sephadex G-25 or G-15 manufactured by Pharmacia Co.) 
is convenient. The buffer solution can be replaced by saline solution by 
feeding the desired protein-containing aqueous solution obtained by the anion 
exchange chromatography to a gel filtration column equilibrated with saline 
solution, then eluting with saline solution. Upon conducting this gel filtration 

10 treatment, the desired protein-containing aqueous solution can be concentrated 
by, for example, ultra-filtration treatment in order to shorten the time required 
for sample loading. In the ultra-filtration treatment, use of a tangential-flow 
type membrane having a fine pore size smaller than the molecular weight of the 
desired protein (e.g., Pellikon cassette PTTK00005 manufactured by Millipore 

15 Co. or FILTRON SIGMA-SERIES 1K - 1M manufactured by Fuji Filter Co.) is 
convenient. 
[0033] 

The invention will be described in more detail by reference to Examples 

below. 
20 [0034] 

[Examples] 

1) Preparation of a monoclonal antibody by large-scale culture of hybridoma 

As a monoclonal antibody-producing hybridoma, V301F4 strain 
(Fermentation Research Institute deposit No. FERM BP-2765) was used. The 
2 5 used medium is as follows. 

1 r v 



Substances: 

Base medium: eRDF (Kyokuto Pharmaceutical Industrial Co., Ltd.) 
Trace-amount components: 2 mg/L-insulin; 2 mg/L-transferrin; to 
mg/L-ethanolamine; 10" 8 mol/L selenous acid 
5 Serum substitute: 1 g/L-polyvinylpyrrolidone 

Adjustment of pH: 0 to 4.2 g/L sodium hydrogencarbonate 

As a culture tank, a 20-L tank equipped with an agitation vane was 
used, and perfusion culture was conducted by using a centrifugal precipitation 
type cell separator (JP-B-4-25796, Fig. 3). 
10 [0035] 

It has been found that the ability of hybridoma V3p1F4 to produce 
antibody greatly depends upon pH and glucose concentration of the culture 
liquor. That is, the maximum productivity can be obtained by adjusting the pH 
to 7.2 and maintaining the glucose concentration at a level of 1 mmol/L or less. 

15 Here, the pH was controlled to a predetermined level by increasing or 
decreasing the concentration of sodium hydrogencarbonate in a fresh medium 
to be fed to the culture tank. The glucose concentration was controlled by 
adjusting the culture liquor-replacing ratio in the perfusion culture, i.e., by 
adjusting the rate of feeding a fresh medium (=rate of withdrawing the culture 

20 supernatant). 

[0036] 

A culture supernatant containing the monoclonal antibody was 
collected in an amount of from 20 to 40 L per day by the above-mentioned 
culture. 
25 [0037] 



2) Removal of insoluble proteins from the culture supernatant by clarifying 
filtration 

An object of this procedure is to conduct pre-treatment for smoothly 
conducting subsequent ultra-filtration membrane treatment and column 
5 chromatography. That is, it is intended to remove insoluble proteins contained 
in the culture supernatant by the clarifying filter membrane to thereby prevent 
clogging of the ultra-filtration membrane and the column. 
[0038] 

As the clarifying filter membrane, a clarifying filter membrane having a 
10 fine pore size of 0.45 \im (Pellikon cassette HVLP000C5; manufactured by 
Millipore Co.) was used. As a circulating pump, a magnet gear pump 
(MDG-L15KA100 manufactured by IWAKI) was used and, as a 
filtrate-withdrawing pump, a perista pump (MASTERFLEX 7553-20 
manufactured by COLE PARMER was used. 
15 Substances: 

Alkaline solution: 0.5N-NaOH 

Neutralizing buffer solution: 16.2 g/L-sodium acetate (trihydrate), 30.5 
ml/L-acetic acid 

The filter membrane was dipped in the alkaline solution overnight to 
20 thereby sterilize and decompose pyrogens. The neutralizing buffer solution 
was fed to the filter membrane by means of the circulating pump and the 
filtrate-withdrawing pump to thereby neutralize the alkaline solution. 
[0039] 

The culture supernatant was circulated through the filter membrane, 
2 5 and the effusing filtrate was recovered by means of the filtrate-withdrawing 
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pump, following the manufacturer's instruction. In this case, clogging of the 
filter membrane was difficult to occur, and foaming did not matter, by adjusting 
the flow rate of the circulating pump so that the liquid pressure at the inlet of the 
filter membrane was kept at about 1 .0 kg/cm 2 . 
5 [0040] 

About 200 L of the culture supernatant was filtered by 8-hour operation. 
In the case where a large amount of cell-crushed products are contained in the 
culture supernatant, the filter membrane might be clogged to seriously reduce 
the filtration flow rate. In such a case, insoluble proteins within the filter 

10 membrane, which is the cause of clogging, can be solubilized by temporarily 
stopping filtration of the culture supernatant and introducing the alkaline 
solution into the inside of the filter membrane by circulating the solution for 
about 30 minutes. After neutralizing the alkaline solution with the neutralizing 
buffer solution, filtration of the culture supernatant is re-started. 

15 [0041] 

240 L of the culture supernatant containing about 20 mg/L of the 
monoclonal antibody was filtered and was fed to the procedure of 3) and 
subsequent procedures. The concentration of the monoclonal antibody in the 
culture supernatant was measured by means of HPLC (2152, 2150 
20 manufactured by LKB) using an affinity column (Protein A-Superose, FPLC, 
HR16/5) manufactured by Pharmacia Co. in terms of an absorbance at 280 nm. 
[0042] 

3) Concentration of the monoclonal antibody in the culture supernatant by 
ultra-filtration 

25 An object of this procedure is to reduce the sample-loading amount in 



the procedure of 4) to conduct cation exchange chromatography, thus 

shortening the time required for purification. 

[0043] 

As the ultra-filtration membrane, a filter membrane having a molecular 
5 weight cut off of 30,000 (Pellikon cassette PTTK00005, manufactured by 
Millipore Co.) was used. As the circulating pump, a magnet gear pump 
(MDG-L1 5KA1 00 manufactured by IWAKI) was used. The filtrate was allowed 
to flow out with using no filtrate-withdrawing pump. 
Substances: 
io Alkaline solution: 0.5N-NaOH 

Neutralizing buffer solution: 16.2 g/L-sodium acetate (trihydrate), 30.5 
ml/L-acetic acid 

Washing solution: saline solution 

The filter membrane was dipped in the alkaline solution overnight as in 
15 2) to thereby sterilize and decompose pyrogen. The neutralizing buffer 
solution was fed to the filter membrane by means of the circulating pump to 
thereby neutralize the alkaline solution. 
[0044] 

The culture supernatant obtained in 2) was circulated through the filter 
20 membrane, following the manufacturer's instruction. In this case, too, clogging 
of the filter membrane was difficult to occur, and foaming did not matter, by 
adjusting the flow rate of the circulating pump so that the liquid pressure at the 
inlet of the filter membrane was kept at about 1 .0 kg/cm 2 . 
[0045] 

25 The molecular weight of the desired monoclonal antibody is about 



150,000, and the cut-off molecular weight of the ultra-filtration membrane is 
30,000. Therefore, only components having a low molecular weight pass 
through the fitter membrane, and the monoclonal antibody is concentrated. 
After concentrating 240 L of the filtrate obtained in 2) to about 2 L, the 
5 monoclonal antibody remaining within the ultra-filtration membrane was 
washed out with the washing solution to obtain 6 L of a solution in total amount. 
The monoclonal antibody contained in 6L of the solution was determined to be 
4.72 g by HPLC. 
[0046] 

10 4) Separation of the monoclonal antibody by cation exchange chromatography 

The monoclonal antibody produced by V3P1F4 strain has an isoelectric 
point of about pH 8.80 to about 9.05, thus being positively charged in an 
aqueous solution of less than 8.80 in pH. Therefore, when a buffer solution 
having a pH of less than 8.80 is used, the monoclonal antibody adsorbs on the 

1 5 cation exchange body. 
Substances: 

Column: Pharmacia, BPG 100/500 

Ion exchange body: Pharmacia, S-Sepharose FF 1L 

Buffer solution A; 0.02 mol/L-phosphate buffer solution (pH 7.0) 
20 Buffer solution B: 0.02 mol/L-phosphate buffer solution (pH 8.5) 

Buffer solution C: 0.02 mol/L-phosphate buffer solution (pH 8.0), 0.20 

mol/L-NaCI 

Flow rate: 60 mL/min 

Following the manufacturer's instruction, column conditions were fixed. 
25 Subsequently, the column was equilibrated with the buffer solution A (about 2 L 

20 



which was about 2 times the volume of the column). Equilibration was 
finished when pH of the eluate was confirmed to be 7.0. 6 L of the culture 
supernatant concentrate obtained in 3) was diluted to a 2-fold amount with 
MilliQ water (ultra-pure water produced by an apparatus manufactured by 
5 Millipore Co.), and then loaded on the column. 
[0047] 

Subsequently, inside of the column was washed with the buffer solution 
B till pH of the eluate from the column became 8.0 (about 2.5 L which was 
about 2.5 times the volume of the column). In order to remove protease 
10 decomposition products (impurities) of the monoclonal antibody, the pH of the 
buffer solution B was optimally adjusted to 8.5 which was somewhat lower than 
the isoelectric point. 
[0048] 

After washing, the adsorbate was eluted with the buffer solution C. 

15 Appearance of elution of the monoclonal antibody was monitored in terms of 
the absorbance at 280 nm. After elution of about 1 L of eluate waste solution, 
the monoclonal antibody was eluted to obtain about 1 L of crude monoclonal 
antibody. The monoclonal antibody contained in 1 L was determined to be 
4.63 g by HPLC. 

20 [0049] 

5) Separation of monoclonal antibody by affinity chromatography 
Substances: 

Column: Pharmacia, BPG 100/500 
Affinity support: Repligen IPA-400 1 L 
25 Buffer solution A: 0.02 mol/L-phosphate buffer solution, 0.20 mol/L-NaCI (pH 



8.0) 

Buffer solution B: 0.10 mol/L-acetic acid, 0.50 mol/L-NaCI (pH 3.5) 
Buffer solution C: 0.50 mol/L-Tris buffer solution (pH 7.5) 
Flow rate: 60 to 70 mL/min 
5 Following the manufacturer's instruction, column conditions were fixed. 

Subsequently, the column was equilibrated with the buffer solution A (about 2 L 
which was about 2 times the volume of the column). Equilibration was 
finished when pH of the eluate was confirmed to become 8.0. About 1 L of the 
crude monoclonal antibody-containing aqueous solution obtained in 4) was 
io loaded on the column. 
[0050] 

Thereafter, inside of the column was washed with the buffer solution A 
(about 3 L which was about three times the volume of the column) till the pH of 
the eluate from the column became 8.0. 

15 [0051] 

After washing, the adsorbate was eluted with the buffer solution B. 
Appearance of elution of the monoclonal antibody was monitored in terms of 
the absorbance at 280 nm. After elution of about 1 L of eluate waste solution, 
the monoclonal antibody was eluted to obtain about 1 L of crude monoclonal 
20 antibody-containing aqueous solution. In order to increase pH of the 
thus-obtained aqueous solution to about neutrality, the eluate was immediately 
diluted with the buffer solution C to a volume of 2 L The monoclonal antibody 
contained in 2 L was determined to be 4.31 g by HPLC. 
[0052] 

25 6) Concentration of the monoclonal antibody by ultra-filtration 



An object of this procedure is to reduce the sample-loading amount in 
the procedure of 5) to exchange the buffer solution, thus shortening the time 
required for purification. 
[0053] 

5 As the ultra-filtration membrane, a filter membrane having a molecular 

weight cut off of 10,000 (Filtron miniset FS002K01, manufactured by Fuji Filter 
Co.) was used. As the circulating pump, a perista pump (Master-flex PA25A 
manufactured by Cole-Parmer) was used. The filtrate was allowed to flow out 
with using no filtrate-withdrawing pump. 
10 [0054] 

The crude monoclonal antibody-containing aqueous solution obtained 
in 5) was circulated through the filter membrane, following the manufacturer's 
instruction. Foaming did not matter and, therefore, filtration can be conducted 
with good efficiency by adjusting the flow rate of the circulating pump so that 
15 the liquid pressure at the inlet of the filter membrane was kept at about 1.0 
kg/cm 2 . 
[0055] 

The molecular weight of the desired monoclonal antibody is about 
150,000, and the cut-off molecular weight of the ultra-filtration membrane is 

20 10,000. Therefore, only components having a low molecular weight pass 
through the filter membrane, and the monoclonal antibody is concentrated. 
After concentrating 2 L of the filtrate obtained in 5) to about 0.1 L, the 
monoclonal antibody remaining within the ultra-filtration membrane was 
washed out with the washing solution to obtain 0.5 L of a solution in total 

25 amount. 




[0056] 

7) Exchange of the buffer solution by using gel filtration support 

A standard gel filtration support (i.e., Sephadex G-25, Coarse, Medium, 
Fine or Superfine; manufactured by Pharmacia Co.) is used for the following 
5 tests. A standard gel filtration support having been popularly used with 
satisfactory results (for example, Sephadex G-25, Coarse, Medium, Fine or 
Superfine manufactured by Sigma Co.) should be used. 
[0057] 

The concentrate obtained in 6) contains about 0.05 mol/L of acetic acid, 
10 about 0.25 mol/L of NaCI, and about 0.25 mol/L of the Tris buffer solution. 
Therefore, the concentrate has such a high inorganic ion concentration that use 
of the concentrate as such makes it insufficient to remove impurities by anion 
exchange chromatography in the subsequent step. An object of this 
procedure is to reduce the inorganic ion concentration so that no troubles would 
15 be involved in the anion exchange chromatography. Exchange of buffer 
solution using the gel filtration support serves to reduce the inorganic ion 
concentration and reduce the contamination amount of impurities. 
Substances: 

Column: Pharmacia, BPG 100/500 
20 Ion exchange body: Pharmacia Sephadex G-25, Medium 2 L 

Buffer solution A: 0.17 mol/L-acetic acid buffer solution (pH 5.0) 

Buffer solution B: 0.05 mol/L-Tris (pH 8.3) 

Flow rate: 60 to 70 mL/min 

Following the manufacturer's instruction, column conditions were fixed. 
25 Since the ion exchange body within the column had previously been sterilized 



with 0.2N-NaOH, the column content was neutralized with the buffer solution A 
(about 4 L which was about two times the volume of the column). The 
neutralization was stopped when pH of the effused solution became 5.0. 
Subsequently, the column was equilibrated with the buffer solution B (about 4 L 
5 which was about twice the volume of the column). Equilibration was stopped 
when pH of the effused solution became 8.3. About 0.5 L of the monoclonal 
antibody concentrate obtained in 6) was loaded on the column. 
[0058] 

Thereafter, the monoclonal antibody was eluted with the buffer solution 
10 B. Appearance of elution of the monoclonal antibody was monitored in terms 
of the absorbance at 280 nm. After elution of about 1 L of waste solution, the 
monoclonal antibody was eluted to yield about 1 L of crude monoclonal 
antibody. 
[0059] 

15 8) Removal of impurities by anion exchange chromatography 

The crude monoclonal antibody-containing aqueous solution obtained 
in 7) is contaminated with a trace amount of Protein A, monoclonal 
antibody-Protein A composite, DNA derived from hybridoma cells, and 
pyrogens (mainly lipopolysaccharides). These contaminants can be removed 

20 by anion exchange chromatography under proper conditions. 
[0060] 

The monoclonal antibody produced by V3|J1 F4 strain has an isoelectric 
point of about pH 8.80 to about 9.05, thus being positively charged in an 
aqueous solution of less than 8.80 in pH. Therefore, when a buffer solution 
25 having a pH of less than 8.80 is used, the monoclonal antibody does not adsorb 
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on the anion exchange body. 
[0061] 

On the other hand, the isoelectric point of Protein A and the isoelectric 
point of the monoclonal antibody-Protein A composite were found to be 4.85 to 
5 5.1 and 7.1 to 8.2, respectively, by isoelectric point electrophoresis. 
Therefore, Protein A and the monoclonal antibody-Protein A composite are 
negatively charged in an aqueous solution of 8.3 or more in pH. 

{0062} 

Also, DNA and pyrogens are negatively charged in an aqueous 
10 solution. From these facts, when anion exchange chromatography is 

conducted at a pH of 8.3 to 8.7, the impurities can be adsorbed on the ion 

exchange body, with the desired monoclonal antibody alone passing through 

the column. 

Substances: 
15 Column: Pharmacia, BPG 100/500 

Ion exchange body: Pharmacia DEAE-Sephacel 1 L 

Buffer solution A: 0.17 mol/L-acetic acid buffer solution (pH 5.0) 

Buffer solution B: 0.05 mol/L-Tris (pH 8.3) 

Buffer solution C: 0.17 mol/L-acetic acid buffer solution, 0.50 mol/L-NaCI 

20 Flow rate: 60 mL/min 

Following the manufacturer's instruction, column conditions were fixed. 
Since the ion exchange body within the column had previously been sterilized 
with 0.2N-NaOH, the column content was neutralized with the buffer solution A 
(about 2 L which was about two times the volume of the column). The 

25 neutralization was stopped when pH of the effused solution became 5.0. 
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Subsequently, the column was equilibrated with the buffer solution B (about 2 L 
which was about twice the volume of the column). Equilibration was stopped 
when pH of the effused solution became 8.3. About 1 L of the monoclonal 
antibody concentrate obtained in 7) was loaded on the column. 
5 [0063] 

Thereafter, the monoclonal antibody was eluted with the buffer solution 
B. Appearance of elution of the monoclonal antibody was monitored in terms 
of the absorbance at 280 nm. After elution of about 0.5 L of waste solution, 
the monoclonal antibody was eluted to yield about 1 L of a crude monoclonal 
10 antibody-containing aqueous solution. In order to deadsorb the impurities 
adsorbed on the ion exchange body, the column was washed with about 2 L of 
the buffer solution C. The monoclonal antibody contained in 1 L was 
determined to be 4.31 g by HPLC. 
[0064] 

15 9) Concentration of the monoclonal antibody by ultra-filtration 

An object of this procedure is to reduce the sample-loading amount in 
the procedure 10) of exchanging the buffer solution, thereby shortening the 
time required for purification. Apparatuses and conditions for the 
ultra-filtration are according to 6). After concentrating about 1 L of the filtrate 

20 obtained in 8) to about 0.1 L, the monoclonal antibody remaining within the 
ultra-filtration was washed out to make the total amount 0.25 L 
[0065] 

10) Exchange of buffer solution by using a gel filtration support 

In the case of forming a preparation of a monoclonal antibody, 
25 particularly, a freeze-dried preparation, it is preferred to prepare a saline 
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aqueous solution. An object of this procedure is to prepare a saline aqueous 
solution from the Tris buffer solution of the monoclonal antibody obtained in 9). 
[0066] 

Apparatuses and conditions for exchanging the buffer solution are 
5 according to 7). 
Substances: 

Column: Pharmacia, BPG 100/500 

Ion exchange body: Pharmacia Sephadex G-25, Medium 2 L 

Buffer solution A: 0.17 mol/L-acetic acid buffer solution (pH 5.0) 
10 Saline solution: Manufactured by Fuso Pharmaceutical Industries, Ltd., for 

injection use (The Japanese Pharmacopoeia) 

Flow rate: 60 mL/min 

Since the ion exchange body within the column had previously been 

sterilized with 0.2N-NaOH, the column content was neutralized with the buffer 
15 solution A (about 4 L which was about two times the volume of the column). 

The neutralization was stopped when pH of the effused solution became 5.0. 

Subsequently, the column was equilibrated with the saline solution (about 6 L 

which was about three times the volume of the column). After equilibration, 

about 0.25 L of the monoclonal antibody concentrate obtained in 9) was loaded 
20 on the column. 

[0067] 

The monoclonal antibody was eluted with the saline solution. 
Appearance of elution of the monoclonal antibody was monitored in terms of 
the absorbance at 280 nm. After elution of about 1 L of waste solution, the 
25 monoclonal antibody was eluted to yield about 1 L of a final solution of purified 
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crude monoclonal antibody. 
[0068] 

11) Purity of the monoclonal antibody 

The amount of contaminated DNA in the aqueous solution of purified 
5 monoclonal antibody obtained in 10) was measured according to the DNA 
probe method based on radioisotope labeling (principles thereof being 
described in several technical books; e.g., Puro-no-tameno Haiteku Joho 
Biotechnology Series DNA Probe Gijutsu-to-Oyo, written by Toyozo Takahashi, 
published by CMC on Feb. 5, 1988, p.5 et seq.), and was found to be 0.025 pg 
10 per 1 mg of the antibody. This level is low enough for use of monoclonal 
antibody as a medicine with causing almost no problems. 
[0069] 

Also, the amount of protein A which might be mixed into the antibody in 
the procedure of 5) was measured according to the ELISA method, and was 
15 found to be less than 0.03 ng per 1 mg of the antibody (which is less than the 
detection limit). This level is also low enough to scarcely cause a problem. 
[0070] 

The invention has been described by referring to the monoclonal 
antibody as a representative example, but the invention is not limited to only the 
20 monoclonal antibody but can be utilized for various proteins. 




[Abstract] 

[Object] Process for purifying a protein, which is particularly effective for a 
protein having specific physical properties. 

[Constitution] A process for purifying a protein, which is characterized by using 
(a) a cation exchange column equilibrated at a pH lower than the isoelectric 
point of a desired protein, (b) an affinity chromatography column, and (c) an 
anion exchange column equilibrated at a pH lower than the isoelectric point of 
the desired protein. 



